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Introduction
The exoskeleton of decapod crustaceans is well known as a substratum for associate species such as epibionts/symbionts (Overstreet, 1983; Dick et al., 1998; Williams and McDermott, 2004; McGaw, 2006; McDermott, 2007; Savoie et al., 2007a, b) . As many epibionts are suspension-feeders (e.g. barnacles, tube-dwelling polychaetes, bryozoans), such settlement is advantageous to them because the movement of crabs and their feeding activities increases food availability (Heath, 1976) . Mobile symbionts (e.g. polychaetes and amphipods) can also benefit from host activity in terms of it being a food source and a means of avoiding predators (Martin and Britayev, 1998; Dvoretsky et al., 2007) . Fish leeches also use the host's surface for cocoon attachment (Khan, 1982; Utevsky et al., 2006; Savoie et al., 2007a, b) . Nevertheless, crustaceans shed their carapace, so this temporary surface is only suitable for organisms with a short life cycle and/or rapid growth (Gili et al., 1993) . Associates may impart benefits to their host by providing camouflage (Parapar et al., 1997) , and protecting them from predators and parasites (Reiss et al., 2003) . However, some associates may negatively impact their host. In smaller crustaceans, the added weight of heavy fouling can be metabolically costly (Overstreet, 1983; Dick et al., 1998) . Some symbiotic organisms may be predators on the eggs or embryos of their hosts (Kuris et al., 1991; Williams, 2002) , or increase the host's attractiveness to predators (Key et al., 1997) .
The red king crab (Paralithodes camtschaticus) is an anomuran decapod belonging to the family Lithodidae. It is considered to be a shallow-water species and is found naturally in the North Pacific: Bering Sea, Bristol Bay, Alaska (USA); Bering Sea to Sea of Japan, Hokkaido (Japan); Cape Gamova, Sea of Okhotsk, eastern Kamtschatka to Cape Olyutorsk (Russia); Aleutian Islands and Norton Sound (USA) to Queen Charlotte Islands British Columbia (Canada; Donaldson and Byersdorfer, 2005) . During the 1960s and 1970s, it was introduced into the Barents Sea by Russian scientists (Orlov and Ivanov, 1978) , where it has formed a self-sustaining population (Kuzmin and Gudimova, 2002) . It is among the world's largest arthropods, sometimes weighing more than 10 kg and measuring 220 mm carapace length (CL) in the North Pacific (Powell and Nickerson, 1965) , and up to 12 kg and 235 mm CL in the Barents Sea (Kuzmin and Gudimova, 2002) . Red king crabs are opportunistic omnivores feeding on the most abundant benthic organisms, e.g. bivalves, gastropods, polychaetes, and echinoderms (Kuzmin and Gudimova, 2002) .
Biological invasions pose a significant threat to biodiversity (Reddy, 2008) , threatening certain species (Williamson, 1996) , and being responsible for major changes to ecosystem structure and functioning (Mack et al., 2000) . Introduced crabs may cause many problems in invaded environments; they can disrupt commercial fisheries, reduce the stability of local habitats through their burrowing activity, and potentially act as hosts to nonindigenous parasites (Veldhuizen and Stanish, 1999; Gilbey et al., 2008) . The ecological impact of the red king crab is not particularly well understood, although it is suggested that it could change the structure of benthic assemblages, through predation or competition with native species (Jørgensen, 2005; Jørgensen and Primicerio, 2007) . Most studies have been undertaken to test the direct impact of the red king crab on benthic communities (Jørgensen and Primicerio, 2007; Britayev et al., 2008) . Studies of the epifauna of red king crabs in the Barents Sea are limited to description of their ectoparasites and commensal leeches (Bakay et al., 1998; Jansen et al., 1998; Kuzmin and Gudimova, 2002) . Earlier studies have been carried out in Western Murman (the area west of Kola Bay) and in the Norwegian sector of the Barents Sea. In other parts of the Barents Sea, however, such studies have been undertaken only occasionally (Dvoretsky and Dvoretsky, 2009b) . Dalnezelenetskaya Bay is a site where P. camtschaticus larvae and juveniles were released as a part of the introduction procedure in the 1960s (Kuzmin and Gudimova, 2002) . Targeted surveys of the red king crab epifauna are required to obtain more complete information about potential invasion of non-indigenous associates of P. camtschaticus in different parts of the Barents Sea.
As P. camtschaticus is a commercially important and invasive species, and data for its associates are scarce, the present study was undertaken to (i) survey epibionts/symbionts, (ii) evaluate the levels of infestation, (iii) examine the factors influencing these levels of infestation, and (iv) determine the spatial distribution of common associates on the host.
Material and methods
Red king crabs were collected in Dalnezelenetskaya Bay, Barents Sea, Russia (Figure 1) , from late July to August of 2004-2008 by divers operating in shallow water (5-40 m). For comparative purposes, crabs were also collected in deeper water (120-180 m) next to Dalnezelenetskaya Bay, using standard conical bottom traps. These traps were equipped with a net of mesh .100 mm, so did not entrap small crabs.
The crabs collected by scuba were transferred to the laboratory immediately after capture, whereas the crabs collected in deeper water were transferred to the laboratory 3 -4 h after capture.
During our study, we found that just a few of the mobile associated species (amphipods only) were lost during sampling and processing (their numbers did not exceed 1 -3 per 10 crabs), so to minimize amphipod loss and errors attributable to underestimation and to reduce the time from capture to examination, the crabs were transferred to the laboratory without sorting and placing them in individual bags.
Crabs were examined for associates in the laboratory in Dalnezelenetskaya Bay by eye, in keeping with previous studies (Jansen et al., 1998; Klitin, 2003) . The gills were removed, fixed in 4% formalin, then examined under a stereomicroscope. The method used in our study is appropriate for studying macroepibionts. For example, Jansen et al. (1998) examined their crabs 2 -8 d after capture (crabs were held in tanks of running seawater) and their levels of infestation were comparable with our data.
The crab body was divided into five sections for analysis: carapace (dorsal surface), limbs (including chelae), abdomen (including the egg clutch of females), mouth parts (including eyes and antennae), and gills. The number of individuals of each solitary species was recorded for each body region. We used the standard levels (indices) of infestation: (i) prevalence, the proportion (%) of crabs colonized by an associate species; (ii) intensity, the number of the associate specimens per colonized crab (Bush et al., 1997) . The intensity of infestation was determined for solitary species only.
For each crab, the sex, size (CL, the greatest straight-line distance across the carapace from the posterior margin of the right eye orbit to the medio-posterior margin of the carapace), and shell condition (determined visually, according to Donaldson and Byersdorfer, 2005) were recorded. To examine size differences in the levels of infestation, the crabs were subdivided into four groups: CL ¼ 1 -45, 46-90, 91 -135, and .135 mm. A CL of 90 mm roughly corresponds to the size-at-maturity for P. camtschaticus in the Barents Sea (Kuzmin and Gudimova, 2002; Sokolov and Milyutin, 2006) .
Differences in the prevalence of infestation among crabs of different size were examined using Chi-squared tests. For these analyses, we used data for crabs with the same shell condition (new shells). Differences in the intensities of common associates on these crabs were examined using a one-way ANOVA. Multiple comparisons were performed with Tukey's post hoc tests. When required, data were rank-transformed to meet the assumptions of normality and homoscedasticity required for parametric analyses (Zar, 1984) .
Differences in the prevalence of infestation among crabs with different shell conditions (new shell vs. old shell) and between crabs collected at different depths (5-40 vs. 120-180 m) were examined with Chi-squared tests, whereas differences in the intensities of infestation were examined using a two-way ANOVA. For valid comparisons of the variation in infestation levels by depth and shell conditions, we used data obtained from crabs of the same size (CL . 135 mm), because only large crabs were collected from deep water.
All statistical analyses were performed using STATISTICA (data analysis software system; http://www.statsoft.com/) v. 6.
Results
In all, 915 P. camtschaticus were collected in the shallow water of Dalnezelenetskaya Bay and the adjacent deep sea. In Dalnezelenetskaya Bay, immature crabs (CL , 90 mm) dominated ( Figure 2a ) and their sex ratio was close to 1:1 (x 2 ¼ 0.24, Epifauna associated with an introduced crab in the Barents Sea
Among adult crabs (CL . 90 mm), the sex ratio was significantly biased towards females (13.5:1,
In contrast, only mature crabs were collected in deep water ( Figure 2b ). Their sex ratio did not differ significantly from unity (
Species composition and levels of infestation
The taxa found on red king crabs captured in Dalnezelenetskaya Bay and adjacent deep water are listed in Table 1 along with their levels of infestation. In all, 43 species from seven phyla were identified. The most common symbionts were the amphipods Ischyrocerus commensalis and its congener Ischyrocerus anguipes. Among the epibiotic taxa, hydrozoans, molluscs, and cirripedes dominated. The prevalence of most species was low, and many occurred on single crabs. The total prevalence of associated organisms did not differ significantly between male and female crabs, immature and mature (x 2 -tests, d.f. ¼ 1, p . 0.05 for all years examined; Figure 3 ). Therefore, in further analyses, we combined the data for males and females to increase the power of the statistical tests. Interannual variability was observed in the prevalence of infestation of immature crabs ( Figure 3b ).
Levels of infestation depended on crab size. Only five species were found on small crabs, the amphipods I. commensalis and I. anguipes, the spirorbid worm Circeis armoricana, the scale-worm Harmothoe imbricata, and the blue mussel Mytilus edulis (Table 1) , but the prevalence of these species increased with crab size (Figure 4 ). Chi-squared tests revealed significant differences in the proportions of crabs colonized by the species among crab size classes (
The intensities of infestation also varied among crabs of different size (Figure 4 ), but the relationship was significant only for I. commensalis (one-way ANOVA, d.f. ¼ 3, F ¼ 6.78, p , 0.001).
Other factors influencing the prevalence and the intensity of associate species were the shell condition and the depths where the crabs were collected. Usually, the prevalence of associates was greater in crabs with old shells than in those with new shells (Figure 5 ). However, there were no differences in the prevalence of B. crenatus between crabs collected in shallow vs. deep waters with old and new shells (x 2 ¼ 4.43, d.f. ¼ 3, p ¼ 0.219). The same pattern was observed also for I. commensalis, which colonized all crabs of CL . 135 mm. Depth affected the prevalence of the fish leech J. arctica, which was more frequent on crabs collected at 120-180 m (
The blue mussel M. edulis was more prevalent on crabs with old shells (
The intensities of common associates did not differ significantly among the largest crabs (CL . 135 mm) with different shell condition and collected at different depths, except for J. arctica ( Figure 6 ). The intensity with which J. arctica was found was greater on crabs captured in deep water (two-way ANOVA:
Spatial patterns
The locations of common associate species on the crabs from Dalnezelenetskaya Bay and adjacent deep water are presented in Table 2 . The barnacle B. crenatus was most abundant on the carapace surface and the limbs. The amphipod I. commensalis was common on the gills, the mouth parts, and the limbs, adults as large as 8 -12 mm being abundant on the mouth parts (Figure 7a ), whereas small juveniles of body size 1-4 mm dominated on the host's gills (Figure 7b ). In contrast, the congeneric amphipod I. anguipes occasionally colonized the mouth parts and the gills, and the greatest prevalence was on the carapace and the limbs. The blue mussel M. edulis was most abundant on the abdomen. Polychaetes also exhibited a preference for specific areas of the crab body: H. imbricata was mainly on the abdomen, most spirorbid polychaetes C. armoricana colonized the carapace, and the fish leech J. arctica dominated on crab limbs. The greatest percentage of hydrozoans and bryozoans was on the carapace and the limbs.
Discussion
The size frequency distribution of P. camtschaticus in shallow water, with juveniles dominant, is unsurprising. Small crabs do not migrate far, so aggregate in the coastal areas of the Barents Sea (Sokolov and Milyutin, 2006) . Among large crabs, however, females dominated. In spring, after mating, most of the large males migrate to deeper water, whereas the females tend to move far less, biasing the sex ratio highly towards females (Kuzmin and Gudimova, 2002 ). As noted above, the absence of juvenile crabs in deeper water was probably attributable to the standard bottom traps used in our investigations having a mesh size too large to entrap the smaller crabs. However, the size frequency distribution does seem to reflect a real pattern, because previous work has shown small crabs to be at their greatest density in water ,100 m deep (Kuzmin and Gudimova, 2002) . 
Species composition and levels of infestation
The diversity of the species found on the red king crabs in Dalnezelenetskaya Bay is broader than that reported in earlier studies undertaken in other areas of the Barents Sea. For example, Bakay et al. (1998) reported only five epifaunal species, but they focused on external parasites. Panteleeva (2003) found eight species of hydrozoa on P. camtschaticus in Ambarnaya Inlet, and Jansen et al. (1998) reported 11 taxa (9 ectocommensals) on the red king crabs collected in Varangerfjord, Norway. The few associated species found by Jansen et al. (1998) may be attributable to (i) their smaller sample size (15 crabs), (ii) their shorter study period, (iii) their longer delay from capture to examination, or (iv) differences in hydrography between the areas. The last factor is likely the most important because water temperature in Varangerfjord is higher than in Dalnezelenetskaya Bay (Matishov et al., 2004) . Jansen et al. (1998) reported that the prevalence of I. commensalis was 80%, J. arctica 67%, and M. edulis 13%, values comparable with the levels found here in large P. camtschaticus in Dalnezelenetskaya Bay. In general, the relatively few species found in earlier studies may be explained by the smaller sample sizes examined by previous authors and their generally narrower focus. Another reason is that most of the earlier studies used crabs collected in deep water, where the species richness of associated species is less, as shown here (Table 1) . Most species colonizing the red king crabs, such as barnacles, molluscs, hydrozoans, bryozoans, and attached polychaetes, may be classified as epibionts, i.e. non-symbiotic organisms, living on hard live or dead substrata (Wahl, 1989) . Barnacles of the genus Balanus were described as a common component of fouling communities of cancrid crabs (McGaw, 2006) , lithodid crabs (Donaldson and Byersdorfer, 2005; Dvoretsky and Dvoretsky, 2008a) , hermit crabs (Reiss et al., 2003) , and snow crabs (Dick et al., 1998; Savoie et al., 2007a, b) . Mytilus edulis is widespread and colonizes a variety of substrata, including crabs (Reiss et al., Table 1 . 2003; Williams and McDermott, 2004; Dvoretsky and Dvoretsky, 2008a, b) . The hydrozoans Obelia longissima and Obelia geniculata have recently been recorded on red king crabs from Ambarnaya Inlet in the Barents Sea (Panteleeva, 2003) . Obelia spp. are also common epibionts of red king crabs collected near Sakhalin (Klitin, 2003) . Most mobile species (amphipods, polynoid polychaetes, fish leeches) found on the crabs should be considered as symbionts. The amphipod I. commensalis is a well-known symbiont of different crustaceans, including both brachyuran (Steele et al., 1986; Vader, 1996) and anomuran crabs (Vader and Krapp, 2005; Dvoretsky and Dvoretsky, 2008a) . The species was documented on red king crabs in Varangerfjord, Norway (Jansen et al., 1998) , and the Okhotsk Sea (Klitin, 2003) . Kuris et al. (1991) found Ischyrocerus sp. on red king crabs in Alaska. The congeneric amphipod I. anguipes is found in coastal Barents Sea waters, and its biology has been well studied (Kuznetsov, 1964; Dvoretsky and Dvoretsky, 2009a) . The prevalence and intensity of I. anguipes is less than that of I. commensalis on red king crabs, so it seems to be a less specific symbiont than its congener, probably because of its diet (a preference for algae; Kuznetsov, 1964; Ingó lfsson, 2000; Dvoretsky and Dvoretsky, 2009a, b) .
Leeches are well-known symbionts of crustaceans and use the host's surface for cocoon oviposition. Johanssonia arctica and Crangonobdella fabricii have been observed previously on red king crabs in the Barents Sea (Bakay et al., 1998) . The latter species infests P. camtschaticus and Lithodes aequispinus near Sakhalin (Klitin, 2003; Zhivogljadova, 2006) , and the former has been found on the snow crab Chionoecetes opilio in the Okhotsk Sea (Utevsky and Trontelj, 2004) and in Canadian waters (Savoie et al., 2007a, b) .
The mobile scale-worm H. imbricata exhibited relatively high prevalence on large red king crabs. We consider this species to be a symbiont of the red king crab because it can choose a habitat, and juvenile worms were observed on the crabs, suggesting a close relationship between H. imbricata and its host. Polychaetes may feed on organic debris concentrated on the crabs' pereiopods, similar to what has been described for Harmothoe sp. living with hermit crabs (Pettibone, 1963) .
All species found on the red king crabs are native to the Barents Sea. However, according to available information (Jashnov, 1948; Gurjanova, 1951) , I. commensalis has seldom been found as a freeliving species in bottom communities of the Barents Sea (Jashnov, 1948) and was not found in Dalnezelenetskaya Bay or the adjacent deep water before the introduction of red king crabs (Kuznetsov, 1964) . These findings indicate that the distribution of this species in coastal waters is connected with the introduction and the distribution of P. camtschaticus in the Barents Sea (Dvoretsky and Dvoretsky, 2008b) . The species might also influence fish parasitization patterns, because amphipods of the genus Ischyrocerus are known to be intermediate hosts of the trematode Podocotyle atomon, a parasite of fish (Uspenskaya, 1963) . Further studies are required to confirm this possibility, however.
There were no significant differences in the proportions of colonized individuals between male and female crabs, opposite to the situation reported for the red king crabs in their native area, where amphipods I. commensalis are present only on egg clutches of female crabs (Klitin, 2003) . However, we observed 1 -3 amphipods colonizing just a few egg clutches (Dvoretsky and Dvoretsky, 2009b) , explaining the absence of significant differences between males and females.
The proportion of colonized hosts depended on their size. A greater prevalence of associates on larger crabs appears to be a common pattern in crustaceans (Key et al., 1999; Mantelatto et al., 2003; McGaw, 2006; Villegas et al., 2006) . Large crabs are a larger target for settling larvae of attaching species and also for colonizing by mobile species such as polychaetes, fish leeches, and amphipods. Another reason is that larger crabs moult less frequently (Donaldson and Byersdorfer, 2005) , leading to them having higher prevalences of the common species. It also explains the interannual variability in the prevalence of infestation for immature crabs, which moult more frequently and hence provide a less stable substratum for colonization. On the other hand, for the epibiont species at relatively lower prevalence and numbers of individuals per crab, i.e. C. armoricana and H. imbricata, the prevalence did not depend on host size. Moreover, we observed no significant increase in the intensities of the common species with increasing crab size, except for the most common symbiont, I. commensalis. This may be explained by the fact that for most species found on the crabs, summer is the period of reproduction when many juveniles can settle on relatively small hosts. For most species, the intensity varied in a low range, i.e. from one to a few individuals per crab, explaining the lack of relationships between host size and the intensities of infestation. Similar patterns have been observed for other symbiotic associations (Boyko and Mikkelsen, 2002; McDermott, 2007) .
Shell condition (new vs. old) also influenced the levels of infestation on P. camtschaticus. As expected, crabs with old shells had greater prevalence than those with new shells. The intermoult period in large male crabs with old shells may be as long as 1-4 years (Kuzmin and Gudimova, 2002) , leading to an increased probability of settlement on them by different species. Another possibility is that larger crabs can migrate long distances, perhaps resulting in increased overgrowth by fouling and symbiotic organisms. On the other hand, we did not find any differences in the intensity of some associates on the crabs with different shell conditions. For amphipods, it may be explained by their relatively short life, which does not exceed 1 year (Kuznetsov, 1964; Dvoretsky et al., 2007) . Attaching species living more than a year may be expected to have greater intensities on the crabs with old shells. However, usually on these crabs, the large (sexually mature) individuals of associated species dominated. Some associates can limit the area available for colonization of conspecifics or other species, as has been reported for several attached species (Martin and Britayev, 1998) .
Finally, water depth may affect the levels of infestation by common associates. Only one M. edulis was found on the surface of a crab caught at depths of 120-180 m. Mytilus edulis usually occurs at depths ,50 m (Matveeva, 1948) , so its lower prevalence in deeper water was expected. A clear relationship between depth and levels of infestation was observed for the fish leech J. arctica, and it may be explained by the differences in temperature regimes at the depths examined. During summer in shallow water, the water temperature varies from 6 to 9ºC, whereas in deeper water, it does not exceed 2 -48C (Voronkov et al., 1948) . Johanssonia arctica is a cold-water species that prefers temperatures as low as 21 to þ28C (Khan, 1982) , so it is found more often on crabs collected in the colder deeper water. A similar pattern was observed by Savoie et al. (2007b) , who reported more J. arctica cocoons on snow crabs collected at depths .150 m in Sydney Bight.
We note that using bottom traps can lead to some problems. First, there might be epibiont transmissions in the trap, and second, the bait could attract some mobile species that can colonize crabs in the traps. Special underwater observations are needed to determine the extent of epibiont transmission. On the other hand, mobile species moving from one host to another is a natural process. In our study, we found no differences in the Estimates are based only on hosts with the respective associates, not the total sample. n, number of hosts colonized.
levels of infestation of mobile species (the fish leech J. arctica should be considered as an attached species because it actively moves only when it seeks a host for colonization) on crabs captured at different depths, indicating that epibiotic transmission (if it happens) does not affect the distribution of associated organisms on the crabs. The bait used in our study attracted only the amphipod Gammarellus homari. However, that species was found in similar proportion on the crabs collected by divers and those captured in traps. Hence, the levels of infestation in red king crabs are not associated, in our opinion, with the method of capture.
Spatial patterns
Localization of different organisms on the host strongly depends on the settlement patterns of larvae (McGaw, 2006) and host-associate relationships (Lyskin and Britayev, 2005) . The most accessible area for epibiotic species is the dorsal area of the host, which may explain why the majority of barnacles, spirorbids, hydrozoans, and bryozoans settle on the carapace and limbs of crabs. Similar patterns were observed for other crab species (Gili et al., 1993; McGaw, 2006) : M. edulis dominated on the abdomen and carapace areas depending on the mollusc size. Small individuals dominated on the carapace because their larvae usually settle on the dorsal parts of different dead or living substrata (Matveeva, 1948; Samuelsen, 1970) . Large M. edulis were found on the abdomen only, possibly because they colonize the crabs when they move to (or feed on) mussel beds. Mobile organisms such as amphipods and polynoid polychaetes can select specific areas on hosts according to their preference; hence, the localization on crabs usually depends on the relationship with the hosts, probably through feeding on the host's food, as has been shown for several amphipod species colonizing the mouth parts of crabs (Baldinger, 1992; Martin and Pettit, 1998) . This may explain the concentrations of adult I. commensalis amphipods on the mouth parts (Dvoretsky et al., 2007) , whereas juveniles are frequently found settled on the host's gills. Other authors have observed I. commensalis on the gills of red king crabs in Varangerfjord (Jansen et al., 1998) and the Okhotsk Sea (Klitin, 2003) . Colonization of the gills provides the symbiont with protection from predators and aeration, but may impart a physiological cost for the host. Similar effects have been established for ectocommensal barnacles attached to the gills of the blue crab (Callinectes sapidus; Gannon and Wheatly, 1992) . In contrast, the sympatric species I. anguipes was a less specific symbiont (Dvoretsky and Dvoretsky, 2009b) , found mainly on the limbs and carapace. The polychaete worm H. imbricata prevailed on the abdomen where its soft body was protected from predators. Most fish leeches J. arctica were observed on the limbs of the crabs, as has been observed recently for red king crabs in the Barents Sea (Kuzmin and Gudimova, 2002) and in their native area (Klitin, 2003) .
Our study has shown that most symbiotic species were not introduced with the red king crab from their native area, although the amphipod I. commensalis has become a frequent species in areas where it was not earlier documented, suggesting that its distribution is associated with the introduction of red king crabs. The main factors affecting species richness and the levels of infestation are crab size, shell condition, and for some species, the depths where the crabs were collected. Negative effects for red king crabs as a consequence of its being colonized by macroinvertebrates may be proposed only for I. commensalis for their heavy infestation of the host's gills.
In conclusion, our study has demonstrated that another indirect impact of introduced species (together with direct competition with native species) is an increasing abundance of rare native species that can form close associations with the alien hosts within the invaded area.
